The emergence of resistance to glycopeptide antibiotics such as vancomycin and teicoplanin among Gram-positive bacteria has spurred the search for second-generation drugs of this class. Oritavancin, a promising novel, second-generation, semisynthetic lipoglycopeptide, is distinguished by two mechanisms of action: inhibition of cell wall synthesis and disruption of the cell membrane. This dual mechanism of action has increased the activity of oritavancin against vancomycin-resistant Gram-positive bacteria compared to other glycopeptides. Oritavancin has a concentration-dependent and rapid bactericidal activity against Gram-positive bacteria, particularly enterococci, contrary to vancomycin and teicoplanin, which exhibit bacteriostatic activity. It has a long half-life of about 195.4 hours and is slowly eliminated by the liver and kidneys, allowing once-daily dosing. Oritavancin has demonstrated preliminary safety and efficacy in Phase I and Phase II clinical trials. It was recently shown to be noninferior to vancomycin in a large Phase III randomized, double-blind clinical trial. To date, adverse events have been mild and limited, the most common being administration site complaints, headache, and nausea. Oritavancin appears to be a promising antimicrobial alternative to vancomycin with additional activity against Staphylococcus and Enterococcus isolates resistant to vancomycin and a more convenient way of administration.
Introduction
Oritavancin (previously LY333328) is a newly introduced glycopeptide whose history dates back to 1996, when Eli Lilly and Company submitted to the US Food and Drug Administration (FDA) an Investigational New Drug Application, following which, several Phase I, II, and III studies were initiated, mainly bacteremia and skin and skin structure infection studies ( Figure 1 ). Then, in 2002, the Investigational New Drug Application was transferred to InterMune, Incorporated, but clinical trials were halted due to infusion-related adverse events in previous trials. Targanta Therapeutics Corporation acquired oritavancin in 2006 and demonstrated that injection-site phlebitis was a side effect frequently observed with most glycopeptides. In 2008, Targanta presented a New Drug Application for oritavancin as an intravenous formulation given once daily for 3 to 7 days for the treatment of complicated skin and soft tissue infections. Oritavancin has since been studied in two Phase III trials, the results of which have been recently published and show oritavancin to be noninferior to vancomycin in skin infections. The current proposed therapeutic use of oritavancin is for the treatment of acute bacterial skin and skin structure infections (ABSSSIs) caused by susceptible Gram-positive bacteria.
Methods
We searched Medline, PubMed, and Embase using the following keywords and MeSH terms: "oritavancin", "LY333328", "bacterial skin infection", and "staphylococcal skin infection". The search resulted in 244 publications until June 2014. This review will include the most relevant articles, mainly original research articles. Also included in this review are data from abstracts and poster presentations at international conferences and meetings, since oritavancin is a new drug and much of the data in the literature has not yet been published in peer-reviewed journals.
Overview of the drug
Glycopeptides are antimicrobial agents composed of glycosylated cyclic or polycyclic nonribosomal peptides with activity against Gram-positive organisms. They are produced naturally through fermentation of actinomycetes and act by inhibiting cell wall synthesis by preventing the addition of new units to the peptidoglycan. Vancomycin was the first glycopeptide to be introduced into the market in 1955. Oritavancin diphosphate (LY333328) is a semisynthetic lipoglycopeptide derived from a precursor closely related to vancomycin with a broad antibacterial activity against Gram-positive bacteria, including methicillin-and vancomycin-resistant staphylococci and penicillin-resistant streptococci.
Chemical structure, structure-activity relationships, and mechanism of action Oritavancin is derived from the natural glycopeptide chloroeremomycin, an analog of vancomycin ( Figure 2 ). The modified structure contains both hydrophobic and hydrophilic groups and it is classified as a lipoglycopeptide. Oritavancin includes an additional unsubstituted sugar and a lipophilic 
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Oritavancin for acute bacterial skin and skin structure infections side chain not present in vancomycin. The chemical structure and properties of oritavancin result from N-alkylation of the disaccharide amino group in chloroeremomycin.
The peptide backbone interferes with the formation of the bacterial cell wall by binding to the D-alanyl-D-alanine terminal in the peptidoglycan chains of Gram-positive bacteria and by blocking the transglycosylation step of peptidoglycan synthesis. The lipophilic tail provides a prolonged half-life, allowing for once-daily dosing, and modifies the mode of action, conferring a concentrationdependent bactericidal activity.
In addition, oritavancin is able to bind to the cytoplasmic membrane by the alkyl side chain, resulting in enhanced binding to the peptidoglycan residues and an increased activity against vancomycin-resistant enterococci (VRE), vancomycin-intermediate Staphylococcus aureus (VISA), and vancomycin-resistant S. aureus strains. This dual mode of action was demonstrated by nuclear magnetic resonance experiments performed by Kim et al, which showed that oritavancin-like glycopeptides (unlike vancomycin-like peptides) have two cell wall binding sites. 1 Furthermore, oritavancin was shown to have effects on RNA synthesis in addition to its primary mode of action. 2 This activity was observed in a methicillin-susceptible S. aureus (MSSA) laboratory strain, and investigators have linked the loss of the permeability barrier function to inhibition of RNA synthesis. 
Pharmacokinetics and pharmacodynamics
Oritavancin demonstrates concentration-dependent activity 4, 5 and a long post-antibiotic effect both in vitro 5 and in vivo. 6 In vitro 7 and Phase I 8 studies have shown that oritavancin accumulates in the lysosomes of macrophages, reaching up to 300-fold intracellular concentration. Once inside the cells, its efflux to the extracellular space is slow. This mechanism accounts for the long half-life of oritavancin and allows intraphagocytic activity against some pathogens that survive within lysosomes, such as S. aureus. While vancomycin is bacteriostatic against stationary-phase cells, oritavancin exerts in vitro bactericidal activity against bacteria that are nondividing, those that grow intracellularly, 9 and those that are in a biofilm state. [10] [11] [12] In Phase I clinical studies in healthy subjects, oritavancin exhibited similar pharmacokinetics whether given in single or multiple doses, with very little drug accumulation over a 24-hour period. 13, 14 The minimum inhibitory concentrations (MICs) for oxacillin-susceptible and -resistant isolates were almost identical, with MIC 50 and MIC 90 values of 0.06 and 0.12 µg/mL, respectively, although the MIC range reached up to 0.25 µg/mL.
In Phase II trials, it was shown that oritavancin has comparable pharmacokinetics in patients with skin and soft tissue infections (complicated and uncomplicated) and in healthy volunteers. One exception was that drug clearance was higher in infected patients, although there was no real clinical impact to this observation.
Studies have shown that dose adjustment based on age and renal and liver function is not needed. In fact, the pharmacokinetics of oritavancin are independent of sex, race, and hepatic and renal function. 15 However, more clinical data are needed to guide the use of oritavancin in these patient groups. Although for single-dose use, weight-based dosing seems unnecessary, dose modification is needed in subjects weighing more than 110 kg if oritavancin is used in multiple doses. 15 Fetterly et al used a blister fluid model to simulate the efficacy of oritavancin in treating complicated skin infections in 16 healthy men. 16 Using two dose regimens (200 mg once daily for 3 days or a single 800 mg dose), mean oritavancin concentrations in blister fluid exceeded the oritavancin MIC 90 for S. aureus strains by at least 1.5-fold.
Oritavancin has shown synergistic activity with several antibiotics, such as with daptomycin against enterococci, and with gentamicin and linezolid against S. aureus, including a VISA and a vancomycin-resistant S. aureus strain. 17 On the other hand, no antagonism has been found between oritavancin and other commonly used antibacterial agents.
Oritavancin is administered through the intravenous route. It has low oral bioavailability due to its high molecular The activity of oritavancin against MRSA was evaluated also in the presence of the mec-C gene. Oritavancin's in vitro activity against mec-C MRSA strains was indistinguishable from that against mec-A MRSA strains in both MIC and time-kill assays. In addition, oritavancin demonstrated more potent in vitro activity than comparators against the mec-C strains tested. 25 In another study, Mendes et al showed that oritavancin exhibited potent activity against the common bacteria causing skin and soft tissue infections, including MDR subsets. 26 Similar results were presented by Deane et al, 27 who found that oritavancin maintained a comparable and high level of in vitro activity, regardless of the resistant phenotypes analyzed. This level of activity was several-fold more potent weight, which hinders absorption through the gastrointestinal mucosa.
Oritavancin is strongly bound to plasma proteins (86%-90%) 18 and is distributed into a variety of tissues, including liver, skin, lungs, and, less so, into kidneys and spleen. 8, 13, 14, 19 
Antimicrobial spectrum
Oritavancin demonstrates in vitro activity against most Gram-positive and anaerobic bacteria (Table 1 ). Its spectrum of activity is similar to that of vancomycin and teicoplanin, but is distinguished by its activity against vancomycinresistant organisms. 20 In addition to the target organisms, oritavancin has in vitro activity against other Gram-positive organisms, including modest activity against species intrinsically resistant to glycopeptides (Lactobacillus, Leuconostoc, and Pediococcus spp.). Oritavancin does not have activity against Gram-negative organisms.
One notable finding from recent in vitro studies is that the activity of oritavancin against S. aureus is independent of oxacillin susceptibility, with MIC 90 values ranging from 0.06 to 0.25 µg/mL. In a longitudinal European study from 2011 to 2013, the activity of oritavancin against S. aureus (MSSA and methicillin-resistant S. aureus [MRSA] ) remained constant over the duration of the study. 21 These results were confirmed by another study that showed that all except one multidrug-resistant staphylococcal isolate were inhibited by oritavancin at #0.25 µg/mL, with an MIC 50 of 0.03 µg/mL. A total of 99.3% of multidrug-resistant (MDR) S. aureus isolates were methicillin resistant and had high susceptibility rates to vancomycin (MIC 50/90 , 1/1 µg/mL; 100% susceptible), teicoplanin (MIC 50/90 , #2/#2 µg/mL; 99% susceptible), daptomycin (MIC 50/90 , 0.25/0.5 µg/mL; 99.8% susceptible), linezolid (MIC 50/90 , 1/1 µg/mL; 99.5% susceptible), and trimethoprim/sulfamethoxazole (MIC 50/90 , #0.5/#0.5 µg/mL; 95.0% susceptible). Oritavancin MICs were twofold higher against S. aureus isolates with vancomycin MIC =2 µg/mL compared to those against isolates with lower vancomycin MICs.
Oritavancin had equivalent MICs against MDR and non-MDR coagulase-negative staphylococci (CoNS). When tested against MDR CoNS, oritavancin had MICs that were eight-to 32-fold lower than those of daptomycin (MIC 50/90 , 0.5/0.5 µg/mL; 100% susceptible) and linezolid (MIC 50/90 , 0.5/1 µg/mL; 98.3% susceptible), and 32-to 128-fold lower than those of vancomycin 
43
Oritavancin for acute bacterial skin and skin structure infections than that of vancomycin, and underscores the strong potential oritavancin has for the treatment of infections caused by these resistant Gram-positive pathogens.
27

Mechanism of resistance
While resistance to oritavancin has not been described to date in the clinical setting, two in vitro mechanisms of resistance to oritavancin have been described: the first is via current glycopeptide resistance mechanisms (eg, van operons), and the second is the VISA-type cell wall thickening mechanism. MIC distributions for staphylococcal and enterococcal strains indicate an absence of cross-resistance with resistant phenotypes such as VanA, VanB, VanC, or VISA.
28
Preclinical studies
Animal models used to evaluate the effectiveness of oritavancin include a neutropenic thigh infection mouse model (for S. aureus and S. pyogenes infections), 29 a granuloma pouch infection rat model (for MSSA), 6 a bacteremia mouse model (for S. aureus and VRE), 30 and an endocarditis rabbit model (for MRSA and VRE). 31, 32 In a murine neutropenic thigh model study, 29 oritavancin was found to be effective in the treatment of complicated skin infections due to S. aureus. It was also suggested that using oritavancin in a higher but less frequent dose is more effective than using multiple small doses.
Lehoux et al evaluated oritavancin compared to vancomycin in a rat granuloma pouch model study, simulating skin abscesses that are seen in the human host, 6 and found that oritavancin for the treatment of S. aureus skin infections can achieve the same efficacy at daily or less frequent dosing intervals.
Similarly, endocarditis and bacteremia models showed adequate penetration into vegetations and high eradication rates from blood with oritavancin. [30] [31] [32] Clinical studies 
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Kmeid and Kanafani structure infections has been assessed in Phase II and III studies: a Phase II open-label skin and skin structure study (ARRL trial); a Phase II double-blind complicated skin and skin structure infection study (SIMPLIFI trial); and three Phase III randomized, double-blind, active comparator studies in complicated skin and skin structure infection (ARRI, ARRD, and SOLO trials).
The SIMPLIFI Phase II trial included 302 patients who were randomized to one of three treatment arms: the dailydose arm (200 mg for 3 to 7 days), the single-dose arm (1,200 mg once) , or the infrequent-dose arm (initial single dose of 800 mg, followed by reassessment on day 5 for the need of an extra dose of 400 mg). There were no differences in the clinical response rates among the three arms, including the subgroup of patients with infections due to MRSA (daily-dose arm: 72% [78.3% for MRSA]; single-dose arm: 81.5% [73.0% for MRSA]; and infrequent-dose arm: 77.5% [87.0% for MRSA]). 33 The earlier Phase III trials, ARRD and ARRI, used weight-based (200 mg; 300 mg if weight .110 kg) and fixed dosing (200 mg), respectively. Data from these two studies showed that oritavancin given once daily for 3 to 7 days is noninferior to vancomycin/cephalexin given twice daily for 10 to 14 days when treating skin and soft tissue infections caused by Gram-positive bacteria (wound infection, major abscess, or cellulitis). Both clinical and microbiological response rates were similar between oritavancin and the comparator group in all populations and subgroups.
More recently, the results of a Phase III double-blind noninferiority trial (SOLO) were published. 34 A total of 968 adults with ABSSSI were randomly assigned to receive either one dose of 1,200 mg of oritavancin intravenously or intravenous vancomycin twice daily for 7 to 10 days with serum trough monitoring, and were followed to 60 days. Half of the patients had cellulitis (50%); the rest had abscesses (30%) and wound infections (20%). MRSA and MSSA were isolated in comparable percentages (21% and 23%, respectively). The primary endpoint was a composite of the following: stabilization or improvement in lesion size, defervescence, and no requirement for an alternative antibacterial agent at 48 to 72 hours after administration of oritavancin. Secondary endpoints were defined as the following: clinical cure at 7 to 14 days after end of therapy and a minimum of 20% reduction in lesion size after 48 to 72 hours of oritavancin administration.
Nine hundred and fifty-four patients (98.5%) were included in the modified intent-to-treat analysis (475 patients on oritavancin and 479 patients on vancomycin). The composite primary endpoint occurred in 82.3% with oritavancin versus 78.9% with vancomycin (noninferiority met). An investigatorassessed clinical cure occurred in 79.6% with oritavancin versus 80% with vancomycin, while a decrease in lesion area of at least 20% at 48 to 72 hours was observed in 86.9% with oritavancin versus 82.9% with vancomycin. None of the above differences were statistically significant. Efficacy outcomes measured according to type of pathogen were similar ( Table 2 ). The authors concluded that a single dose of oritavancin administered intravenously was noninferior to vancomycin administered twice daily for a period of 7 to 10 days when treating ABSSSI caused by Gram-positive bacteria.
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Safety and tolerability
Collective data from Phase II and III studies have described comparable 35 or fewer 36, 37 adverse events with oritavancin compared to vancomycin/cephalexin. The most frequently reported side effects were reactions at the site of injection, nausea and vomiting, and pruritus. Adverse events leading to discontinuation of treatment drug were rare. 38 In another study, which involved healthy subjects receiving oritavancin, 13 adverse events included transient minimal elevations in liver enzymes (less than three times the upper limit of the normal range for transaminases, and less than two times the upper limit of the normal range for bilirubin). However, no signs of permanent hepatic damage were observed clinically.
Nephrotoxicity, ototoxicity, and QT alterations have not been described to date with oritavancin. 39 However, the fact that oritavancin is characterized by high intracellular accumulation might suggest potential toxicity to several tissues such as the liver and the lungs. 39 Thus, close monitoring of the use of oritavancin is required for a complete assessment of the drug's side effects.
In the SOLO trial, adverse events were similar between the two groups, except for nausea, which was more common in the oritavancin group (Table 3 ). In addition, the incidence of adverse events was similar between treatment groups in patients treated in the outpatient setting (72.7% with oritavancin; 70.2% 
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Oritavancin for acute bacterial skin and skin structure infections with vancomycin) and in those hospitalized for treatment (60.5% with oritavancin; 63.6% with vancomycin).
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Pharmacoeconomic considerations
Oritavancin has shown comparable clinical response rates compared to vancomycin in the management of ABSSSI. Cost information was not reported, and pricing information does not yet appear to be available. The less frequent administration required for oritavancin, and the lack of need for serum level monitoring, would make it possible to treat some of these infections on an outpatient basis, thereby defraying some of the direct costs of the drug. Given the efficacy and safety data accumulated to date, a single 1,200 mg dosing strategy could offer an important therapeutic advantage in the treatment of ABSSSI. In addition to its clinical benefit and its elimination of patient compliance issues, a single-dose regimen could also offer the potential to decrease length of hospital stay, thus sparing healthcare costs and the risk of further clinical complications.
However, the longer duration of action may prove to be a safety concern, since any toxic effect or allergic reaction may continue for weeks until the agent has been cleared. The long half-life raises concerns as well about the emergence of resistance, particularly when the concentration of the drug falls below MIC for the causative pathogen. Similarly, the inability to "step down" to a beta-lactam antibiotic once the possibility of MRSA infection has been ruled out has the potential to result in increased microbial resistance. On the other hand, the multiple mechanisms of action of oritavancin are expected to be protective against the development of resistance during treatment.
Conclusion
Oritavancin seems to be an effective one-dose treatment for ABSSSI. The long half-life, multiple mechanisms of action, possibility for outpatient therapy, and favorable safety profile are all desirable features of this new lipoglycopeptide. Future clinical trials are needed to better define the safety and efficacy profiles, especially in sicker patients and for more serious infections, where the need to improve management and reduce costs is great.
It is also important to keep in mind that comparing oritavancin to vancomycin is not always commensurate with standard practice. For example, in patients with MSSA infections, beta-lactams are the preferred treatment. At this point, it is not clear how oritavancin would fare when compared to standard therapy with beta-lactam antibiotics.
Finally, further studies are needed to determine whether treatment with oritavancin is effective for other infections, such as bacteremia, osteomyelitis, and prosthetic joint infections.
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